An international journal devoted t o t h e t a x o n o my, b i o g e o g r a p hy and evolution of all plant groups a u s t r a l i a n s y s t e m a t i c b o t a n y Abstract. A study of morphological variation in Leptorhynchos squamatus (Labill.) Less. across its range in south-eastern Australia was undertaken to test the hypothesis that L. squamatus includes two taxa. Phenetic pattern analyses of both field-collected and herbarium specimens on the basis of morphology confirmed two major groups. Bract, cypsela, pappus bristle and leaf characters were particularly important in separating the two groups. The taxa are separated by altitude differences with one being a low-altitude plant found in many habitats and the other being a high-altitude taxon that is a major component of alpine meadows. Lowland plants have dark bract tips, fewer and wider pappus bristles than alpine plants, papillae on the cypselas and more linear leaves. A somewhat intermediate population from the Major Mitchell Plateau in the Grampians shows some alpine and some lowland characters but is included in the lowland taxon. Seeds from five populations (two alpine, two lowland and Major Mitchell) were germinated and plants grown for 18 weeks under four controlled sets of environmental conditions. The experiment showed that leaf size and some other characters are affected by environmental conditions, but that there are underlying genetic differences between the lowland and alpine forms. Leptorhynchos squamatus subsp. alpinus Flann is described here to accommodate the highland taxon.
Introduction
Leptorhynchos squamatus (Labill.) Less. was first described by Labillardière as Chrysocoma squamata in 1805. It was subsequently placed in the new genus Leptorhynchos by Lessing in 1832. Leptorhynchos is endemic to Australia and includes eight species. Two species previously included in this genus have recently been transferred (along with some species previously included in Ixiolaena and Chrysocephalum) to a new genus, Leiocarpa (Wilson 2000) . Wilson (1998) included Leptorhynchos linearis Less. in synonomy with L. squamatus. The type of L. squamatus was collected in southern Tasmania (specimens held FI and MEL).
Leptorhynchos squamatus is a rhizomatous perennial herb growing from 5 cm up to 40 cm in height. Its leaves have a variable covering of hairs on the adaxial and abaxial surfaces. Both bisexual and female tubular florets are held in a solitary, terminal capitulum surrounded by scarious bracts. It is known commonly as scaly buttons, due to the appearance of the involucral bracts, but is also referred to as bachelor buttons by Mass (1967) . It is common in Kosciuszko that have light grey foliage densely covered in arachnoid hairs have been recognised as an alpine ecotype by Costin et al. (1979) .
The morphological characters used to separate the two subspecies by Everett (1992) were leaf colour, density and distribution of leaf hairs, the cilia of the bracts surrounding the capitula and the colour of the tips of the outer bracts. Similar variation is shown in Victorian populations, as noted by Flann (1999) , with additional differences in the number of pappus bristles per cypsela and the presence or absence of hairs on the cypsela surface. These two treatments were each restricted to the geographic range of the species within NSW and Victoria, respectively. The present study assessed the variation over the entire geographic range of the L. squamatus complex. Key characters noted by previous authors were measured quantitatively and to assess whether environmental or genetic factors are important in determining morphological differences in this species, an experiment involving controlled growth conditions was undertaken.
Materials and methods

Sites and sampling
Specimens of L. squamatus were collected from 12 alpine and lowland sites in Victoria and NSW in the summer of [1997] [1998] (Fig. 1 , Table 1 ). 'Alpine and sub-alpine' (hereafter more loosly referred to as 'alpine') are defined by Williams and Costin (1994) as those areas situated above altitudes of 1370 m in mainland Australia and above 915 m in Tasmania. Specimens from altitudes below those given as 'alpine' are referred to as 'lowland'.
Lowland specimens flower from September to December while plants in alpine regions flower later, generally January to March (McDougall 1982) .
At each site, where possible, flowering branches from 10 plants and at least one whole plant were pressed. Voucher specimens were lodged at The University of Melbourne Herbarium (MELU) with duplicates at the National Herbarium of Victoria (MEL). Flowering branches were chosen to ensure a comparison between organs at the same stage of development. A few plants at each site were preserved in 70% ethanol and live plants collected at sites B, G, T and K (see Table 1 ) were transplanted into pots. Seeds were collected at all sites except H, I, S and W. Collection details are included in Table 1 . Seeds were collected and stored in brown paper bags at room temperature until used in the growth experiment.
Herbarium specimens from HO, BRI, MEL and AD, covering the entire geographic range, were studied. Herbarium specimens from NSW were unavailable, although specimens from that State were represented in the other collections. Data were collected from 121 herbarium sheets, the distributions of which are shown in Fig. 2 .
Three sheets were chosen per Natural Region (Hnatiuk 1990 ) in which they occurred, except for Victoria where the Natural Regions of Conn (1993) were used. In areas where there was great morphological variation, such as the Southern Tablelands of NSW, more specimens were examined. In areas where there were few records, such as Kangaroo Island, fewer specimens could be measured. Herbarium specimens from Kosciuszko were divided by eye into the following three groups for investigation in the morphological analysis: those with profuse cottony hair on both leaf surfaces, those with a medium covering of hairs on the adaxial surface and those with an extent of hairs similar to alpine specimens from other localities.
Morphological measurements
Field collected specimens ( Fig. 1) were measured for 28 quantitative and five binary characters (Table 2 ). Ten branches were scored for each population except I, R, M and K. Fewer than 10 branches were collected at the first two sites (8 and 7, respectively) and at both M and K 12 specimens were scored to encompass the greater variation shown at those sites. Leaf measurements were made on the largest cauline mature leaf, basal leaves being excluded. Pappus bristle width was measured with a microscope graticule. Characters relating to cypselas were coded as missing if fruits were immature.
A second data set was based on herbarium specimens from across the entire range. Of the 121 sheets scored, 116 were used. Five specimens were rejected as they appeared likely to be hybrids with L. tenuifolius F.Muell. Fewer characters were measured than for the field collections (Characters 1-10, 23, 24, 27, 30, 32 in Table 2 ). The following five additional characters were measured: floret length, pappus length, cypsela length, cypsela colour and presence or absence of simple leaf hairs. Characters relating to cypselas were coded as missing if fruits were immature. Similarly, if florets were immature, floret length was not scored. In total, 20 characters were scored for three branches on each herbarium sheet, 18 of which were used in the analyses. Cypsela length was discarded because too many fruits were immature and cypsela colour was too difficult to quantify. The score for each quantitative character was the mean of the three branches sampled from each sheet. Characters 7, 8, 16, 17, 21 and 22 are proportional characters or ratios. Ratios afford an easy quantitative assessment of shape, which is an important element in morphological studies. Atchley et al. (1976) and Phillips (1983) raised concerns about the use of ratios in phenetic pattern analysis due to potential weighting of characters. Although Sokal and Rohlf (1995) also note these problems, they suggest pragmatically that ratios may sometimes be the only meaningful way to interpret and understand certain types of biological problems. Use of ratios was limited in this study to minimise the associated problems mentioned above but to take advantage of the information they added.
Growth experiment
'Alpine' and 'lowland' conditions were simulated by using two temperature regimes and two soil mixtures that were based on soil collected from a lowland site and an alpine site. Leptorhynchos has been recorded as having ectomychorrizal associations (Warcup 1990; Anderberg 1991) and field-collected soil was considered important in case an absence of fungi impeded growth.
Five populations were chosen to represent the variation apparent in morphology as well as a range of altitudes and each population was Table 1. grown under all four combinations of conditions. The populations were Kosciuszko (K), Mt Buffalo (T), Major Mitchell Plateau (M), Brimpaen Road (B) and Whroo Forest (W) ( Table 1) . Soil was collected from Whroo Forest (W), Victoria (altitude 185 m) and Big Boggy Creek in Kosciuszko National Park (K), NSW (altitude 1650 m). Whroo Forest soil is yellow clay-loam, similar to many other lowland sites, and Kosciuszko soil is alpine humus. From each of these soil types a soil mixture was made consisting of 5.25 L soil sifted through a 3-mm sieve, 6 L sand and 6 L vermiculite (Grade 3) for drainage (recommended by Schaumann et al. 1987) . These were thoroughly mixed and placed in sterilised pots. No fungicides or fertilisers were used on plants.
Plants were grown in cabinets set at 10 and 20°C constant temperature. The two temperatures approximate the average temperatures of alpine (5-12°C) and lowland areas (12-25°C) in autumn (Bureau of Meteorology 1996), which is a suggested time of germination of this species in the field (Judy Barker, pers. comm.).
Ten replicate pots for each population and each soil type were placed in a randomised block design in each temperature cabinet. Each pot was placed in a plastic saucer to keep runoff separate. At least three seeds were planted per pot to increase the probability of one successful germination in each replicate. Seeds were sown onto the soil surface and thoroughly watered. Excess seedlings were weeded out 3 months into the experiment. Each cabinet received approximately 300 µE of light for 12 h a day. The relative humidity was approximately 60% in the 10°C cabinet and approximately 75% in the 20°C cabinet.
Seedlings were grown for 18 weeks between April and September, after which the following eight characters were measured on the largest leaf on each seedling: leaf length (L), leaf width at widest point (W), distance to the widest point from tip (DWP), L:W, L:DWP, leaf tip shape (acute or mucronate), percentage abaxial cottony hair and number of adaxial leaf hairs in 1 mm 2 (counted under a microscope, using a transparent grid). Leaf number was counted weekly for the duration of the experiment.
Pollen to ovule ratios
Pollen to ovule ratios (P:O) have been shown to be of taxonomic significance between closely related species in the Asteraceae (Short 1981) . In Asteraceae, this ratio is simply the number of pollen grains per floret because there is only one ovule. Pollen to ovule ratios were calculated for three florets from the same five Victorian populations used in the growth experiment. The method used by Short (1981) was adapted. Anthers were dissected out and mounted in a 10% sucrose solution (10 g sucrose in 100 mL water). Pollen was pressed out of the anthers and the solution left to dry so that pollen was easily visible under a compound microscope. All of the pollen grains in each floret were counted with a transparent grid. The counts from each population were averaged.
Phenetic analysis
Data were analysed phenetically by using the PATN computer package (Belbin 1987) . A dissimilarity matrix on the basis of Gower's metric (range standardised) was created for each data set (Gower 1971 ). This metric was chosen because it has been shown to be the best association measure for mixed data sets and it also includes 0-0 matches (Crisp and Weston 1993) . Individuals were classified into groups by hierarchical agglomerative classification on the basis of the space-conserving, unweighted pair-group method of arithmetic averages (UPGMA). Cophenetic correlation coefficients were calculated by comparing the association matrix with the ultrametric by a Pearson's correlation test. This value gives an indication of how well the classification fits the data. The same association matrix was also used in an ordination analysis by hybrid multidimensional scaling (HMDS) (Faith et al. 1987) . The ordination process was run 20 times from different random starting configurations and the ordination with the lowest stress value was used.
Three-dimensional ordinations gave acceptable stress values (between 0.11 and 0.15), while two-dimensional plots had unacceptably high stress values (about 0.2).
Analyses were performed excluding ratios to assess whether they were strongly influencing the results. Binary characters were excluded to determine whether the same patterns emerged when only the continuous characters, which have the capacity for gradation, were used.
Statistical analysis
Two-factor analysis of variance (ANOVA) was used to test for statistically significant differences between populations for each variable measured in the seedling experiment except leaf tip (binary character). The effects of the two fixed factors, population and soil, were tested. No statistical comparison was made between temperatures because this factor of the experiment was pseudoreplicated (Hurlbert 1984) and differences were obvious.
ANOVAs were performed only on variables that met both the assumption of normality and homogeneity of variance (Sokal and Rohlf 1995) . These assumptions were tested using box plots and several variables were transformed to accommodate the first assumption. Leaf length was log e -transformed for both the 10 and 20°C cabinets, as well as DWP, L :W and number of hairs in 1 mm 2 for the 20°C cabinet. Some variables failed to meet the second assumption and were compared using graphs (Fig. 11b , c, Table 5 ). Planned pairwise comparisons were made between the alpine populations Kosciuszko (K) and Mt Buffalo (T) and the lowland populations Major Mitchell (M), Brimpaen (B) and Whroo (W) on variables showing significant differences between populations.
Although the experiment was set up as a randomised block design to attempt to account for some of the residual error, unequal germination rates made it impossible to analyse the blocks and thus the experiment was treated as a random design.
Results
Phenetic morphological analysis
The dendrogram showing the relationship of plants collected in the field at 12 locations in Victoria and NSW was truncated at the five-group level (Fig. 3a) . The dendrogram shows two major clusters separating the alpine populations (K, T, S, H) from the lowland populations. Eleven characters were important in separating these two groups (Table 3) , including all of the binary characters describing the inner bract margins, leaf and bract tips and cypsela surface (bisexual and female) as well as pappus bristle characters and leaf size and shape. No further internal patterns were found when the two main groups identified were run separately.
In most of the analyses, the following two populations cluster as distinct groups within the lowland cluster: Wulgulmerang (I) and the Major Mitchell Plateau (M). These populations fall into the lowland group in all of the analyses except when the five binary characters are removed (Fig. 3b) . The Major Mitchell Plateau and Wulgulmerang populations cluster with the alpine group in the latter analysis.
Ordinations (e.g. (0) somewhat intermediate between the alpine and lowland clusters, but grouped with the lowland cluster. The alpine group is still apparent in the data set excluding binary characters (Fig. 5) , although this group is not as clearly separated from the lowland group as it is when binary characters are included. The Major Mitchell Plateau population clusters with the alpine populations in the plot of dimensions 1 v. 2 and is situated close to this cluster in the plot of dimensions 1 v. 3. The population at Wulgulmerang is clustered with the lowland group in the plot of dimensions 1 v. 2 but is intermediate between this group and the alpine group in the plot of dimensions 1 v. 3.
The dendrogram clustering 116 herbarium specimens across the entire range of L. squamatus (Fig. 6 ) truncated at (Table 2) .
Lowland specimens (᭹), alpine specimens (), Major Mitchell specimens (᭝) and Wulgulmerang specimens (ଝ). Stress = 0.15. the 12-group level shows two major groups, each comprising mainly alpine or lowland specimens (although several alpine specimens are grouped with the lowland cluster). Four characters with relatively high Cramer values were important in separating these two types. These were bract tip (0.78), width of pappus bristles (0.70), cypsela surface (bisexual; 0.68) and number of pappus bristles (bisexual; 0.67), characters that were all important in the Victorian-NSW subset. No geographic, environmental or strong character divisions were apparent within the large lowland group (comprising Groups 1-11) and no separate clusters were apparent in the ordinations (Fig. 7) . The distribution of the specimens in the Groups 1-12 (Fig. 6 ) across states and the alpine lowland division is shown in Table 4 . The ordination of the data set on the basis of herbarium specimens including binary characters (Fig. 7) confirms the existence of two clusters, alpine and lowland, although two Tasmanian specimens cluster with the alpine group here, particularly in Fig. 7a , but with the lowland group in the dendrogram.
Cypsela morphology
Many of the differences between the alpine and lowland types of L. squamatus are related to the fruit (cypselas) and their pappus bristles. The number of pappus bristles is variable; however, the alpine specimens generally have more (9-17, but predominantly 12-14) than the lowland specimens (6-16, predominantly 8-10). Only the lowland form has a difference between the number of pappus bristles on female florets compared with bisexual florets (female: 0-12, mean 6; bisexual: 6-15, mean 11). There are generally fewer pappus bristles on the female lowland cypselas than the bisexual cypselas. Sometimes these florets have no pappus. There was also a difference in seed colour between different populations. The alpine cypselas were generally pale brown compared with the lowland cypselas, which were mid-to dark brown or purplish. Figure 8 shows a difference in cypsela surface ornamentation between most alpine populations, which have a smooth surface, and lowland populations, which are covered to varying degrees with papillae. Most exceptions to this were Tasmanian specimens that conformed to the lowland type but had cypselas appearing smooth. There is a high likelihood that this was related to the maturity of the fruit. The papillae are twin myxogenic, globose hairs with one cell overtopping the other (Anderberg 1991).
The width of the pappus bristles at the base also varied (Fig. 9) , with alpine populations having narrower bristles than lowland populations. The latter are twice the width of the alpine populations in both the bisexual and the female florets. Pappus bristles of bisexual florests of lowland plants had a basal width of 0.85 mm on average, while the alpine equivalent averaged 0.47 mm. In the female florets, the corresponding pappus bristle widths averaged 0.75 and 0.45 mm. Table 4 . Distribution of herbarium specimens in groups in Fig. 4 by state and alpine lowland division: full character set Number of specimens from each group shown in cluster analysis on the basis of Gower UPGMA classification of herbarium specimens from the entire range of Leptorhynchos squamatus using the full character set ( 033  035  001  008  001  002  010  004  001  001  002  018   02  04  01  02  --07  ----01   05  16  ---01  02  01  -01  -06   18  02  -03  -01  01  03  --01  11   06  12  -03  01  ---01  -01  -02  01  ----------Total  94  19  1  02  116  17  32  40  24  03 Bract morphology Difference in outer bract tip colour is an important diagnostic character in the pattern analyses (Figs 3a, 6 ) and is almost uniform within each of the two main groups identified (Fig. 10a, c) . The bract tips of alpine specimens are generally light yellow while the lowland bract tips are dark brown, although it is important to note that the colour of the latter fades with age. Some specimens from Tasmania did not adhere to this trend. Another important character, noted by Everett (1992) , is the form of the cilia on the inner bract margins. Alpine plants have fine, tangled, spreading hairs on the bract margins while lowland plants have simple straight cilia (Fig. 10b, d ).
Leaf hairs
Hairs on the leaves are simple and unicellular. Those on the abaxial leaf surface were found to be generally longer than those on the adaxial surface in both alpine and lowland populations. Overall, hairs from alpine populations were narrower. Two specimens from the Major Mitchell Plateau that seemed similar to lowland specimens in overall appearance had hair dimensions resembling the alpine plants.
There was variation between the alpine and lowland groups in adaxial leaf hairs, both in size and density, as well as a difference in the abaxial cottony hair cover. Hair density ranges from none to profuse in both alpine and lowland types, although alpine populations generally have a higher hair density. Lowland populations have less cover of cottony hair on the abaxial leaf surface, than alpine populations (see Tables 5 and 6 and Fig. 11d ).
Growth experiment
The growth experiment under controlled conditions showed that leaf length is directly affected by environment (phenotypic effect) but that there were also differences between populations that were independent of environmental factors. Leaves grew considerably longer, by up to a factor of three, across all populations at the higher temperature (Fig. 11a) . Soil type also significantly affected leaf length, but this was evident only at the higher temperature of 20°C compared with 10°C (compare ANOVA results in Tables 5  and 6 ). At 20°C, leaves were longer on the lowland soil mix than on the alpine soil mix. There were also significant differences in leaf length between populations under both temperature conditions. At 20°C in particular, the two alpine populations (K, T) have shorter leaves than the other three populations from lower altitudes (M, B, W). Average leaf width (Fig. 11b) showed a similar overall pattern to that for leaf length, with plants grown at 20°C having much wider leaves than those grown at 10°C. Analysis of variance was not possible for 10°C treatments due to missing replicates, although the general pattern of the population responses is similar to those for the 20°C treatment where an ANOVA was possible. There were significant differences between both populations and soils, with the lowland soil promoting wider leaf growth (Table 6 ).
The pairwise comparison of leaf width between the three lowland populations (as a group) and the two alpine populations (as a group) was not significant. The Major Mitchell population (classed as 'lowland' in the phenetic analysis) had the widest leaves. The representative leaves shown in Fig. 12 illustrate the differences between populations and across experimental conditions. In Figs 11b and 12, it is easy to see the similarity of the leaves from the Major Mitchell Plateau population (Fig. 12 centre row) to alpine populations with regard to leaf width.
The average distance to widest point from the tip of leaf (DWP) is a measure of leaf shape. Lanceolate leaves will have a much higher DWP than oblanceolate. This variable showed a similar pattern to leaf length (Fig. 11c) . DWP was less for plants grown at 10°C. At 20°C, differences between populations, soil types and the two groups (K T v. M B W) were significant (Table 6 ). Lowland populations exhibited greater DWP than alpine populations, reflecting their longer, more linear leaves. Figure 12 shows the difference in shape between the populations.
Percentage cover of cottony hairs on the abaxial side of leaves was considerably less for leaves grown at low temperature than at high temperature (Fig. 11d) . Population differences were statistically significant (Tables 5, 6 ) as was the soil type for the 20°C treatment. The population from Whroo Forest had the lowest cover of hairs in all treatments except for 20°C, lowland soil.
The ratio of leaf length to leaf width is a measure of leaf shape independent of size. There was no significant effect of soil type or temperature on shape as measured by this character, in contrast with leaf size variables. Soil types were therefore pooled for each population in each temperature (Fig. 13a) . However, populations differed significantly (Tables 5, 6 ). Thus, the differences between populations clearly reflect genetic differences. The three populations K T and M (two alpine and the Major Mitchell population) were similar, with an average length to width ratio of 4.3-5 in comparison with the two truly lowland populations, B and W with L:W ratios varying from a mean of 7.6-10.5.
The ratio of leaf length (L) to distance to widest point (DWP) is another size independent variable used to approximate shape. It was the variable that showed the least pattern in this experiment (Fig. 13b) . No factor was significant for the 10°C treatment, which corresponds to the weakness of the pattern in DWP for this temperature (Table 5 ). In the 20°C treatment, there was a significant difference between populations but not soil type, which were pooled (Table 6 ). Pairwise comparison of the two alpine (K T) and three lowland (M B W) populations showed the former to have a significantly higher L:DWP under the conditions of high temperature.
Leaf tip was scored as a binary character, acute or mucronate, and showed a similar pattern across the two temperatures (Fig. 13c) , with representatives of the lowland populations, B and W, having generally acute tips. This was another variable where the plants from the Major Mitchell Plateau (M) were more similar to the alpine populations (KT), all having generally mucronate tips.
The number of adaxial hairs per square millimetre was, unlike the percentage cover of hairs on the abaxial surface, unaffected by environmental conditions (Fig. 13d) , but alpine populations (K T) had a significantly higher number of leaf hairs/mm 2 than lowland populations (M B W).
Pollen to ovule ratios
The results for the P :O ratios are shown in Table 7 . There was little variation between alpine and lowland populations, although the former produced generally higher scores. All of the P :O ratios were within the range attributed to outbreeding plants, i.e. 1500-6000 (Short 1981) .
Discussion
Morphological study
The quantitative morphometric analyses indicate that there are two distinct groups within L. squamatus. These groups are apparent in specimens collected in the field and from herbarium records across the entire range. One group consists of specimens from high-altitude alpine regions, while the other group includes specimens from lower-altitude areas. The separation of these discrete groups, referred to hereafter as 'alpine' and 'lowland', was evident in both the classification and ordination analyses. Some characters described for the Flora of New South Wales by Everett (1992) as important to separate unnamed alpine and lowland subspecies for that State were confirmed in this study. One such character was bract tip colour, which was correlated strongly with the major dichotomy shown in the dendrograms (Figs 3a, 6 ; illustrated in Fig. 10) . The difference in the type of cilia on the inner bract margins was also confirmed and illustrated (Fig. 10) . However, the extent of cottony hair on the abaxial leaf surface was found to be more variable than Everett's account suggests. Although the alpine plants had a consistently high cover (about 90%), those from lowland localities varied from no hair to 100%, with an average of 60% cover. This does not support a clear difference because many lowland plants had as much or more abaxial cottony hair as alpine.
Additional characters (not all practical for field identification) supporting the recognition of two groups include pappus bristle width (Fig. 9) , where it is apparent that the alpine type has significantly narrower bristles than the lowland type. The number of pappus bristles and the difference in number between bisexual and female florets were also found to be useful in delineating these two types. Lowland plants generally had fewer pappus bristles on the female florets and alpine specimens had a similar number on both female and bisexual florests. Presence or absence of papillae on cypselas was generally found to denote one or the other type (Fig. 8) , papillae (twin myxogenic hairs) being present on the lowland type. The leaf shape of alpine populations tends to be more oblanceolate than that of the lowland ones, the leaves of which are closer to linear. Leaf tips also showed a difference in the specimens collected from Victoria and NSW for this project, although this character was not one of those important in separating the herbarium-specimen data in the phenetic analyses. This may be a useful character that is masked during the drying process or it may only apply to the populations sampled.
Differences in leaf hair density between alpine and lowland populations, as well as differences in leaf shape, were shown in the growth experiment under controlled conditions (Fig. 12) . The population from the Major Mitchell plateau in the Grampians is somewhat problematic in that it is similar to the lowland group in many characters (especially binary characters, Figs 3a, 6) but similar to the alpine type in other characters such as number of adaxial leaf hairs (Fig.  13d ) and leaf width (Fig. 11b) . The Major Mitchell Plateau population occurs at an intermediate altitude and clustered separately within the lowland group in the Victorian-NSW subset (Fig. 3a) , but was still positioned with the lowland cluster in the ordination (Fig. 4) . However, when binary characters were excluded, this population clustered with the alpine group in the dendrogram (Fig. 3b) and in one plot of the ordination (Fig. 5) .
Two specimens from the intermediate-altitude Grampians region were included in analyses of herbarium specimens and these grouped in a similar manner, clustering with the lowland group when binary characters were included and the alpine group when binary characters were excluded. This shows an overall similarity of the Major Mitchell plants to the alpine type on the basis of continuous characters. These specimens were, however, clearly separated from the alpine group when binary characters describing inner bract margins, cypsela surface and pappus characters were included and are treated as part of the lowland group.
Specimens from Kosciuszko that were conspicuously cottony did not always cluster together. The difference between these specimens and the other alpine specimens, although visually striking, was simply a greater hair cover on the adaxial leaf surface, which was not a distinguishing character when all of the other measurements were taken into account, so this form is not afforded taxon status and is included in the alpine group.
Within the variable lowland form, there was no other geographic or ecological pattern discernible (Fig. 7, Table 4 ).
Environmental influence on morphology
The growth experiment under controlled conditions showed that environmental factors affect plant growth and form but that there are also underlying genetic differences between populations of L. squamatus.
Under cool conditions (10°C), leaves were reduced in size and hair density regardless of the provenance of the plants. In addition, there was a significant difference between the alpine populations (K T) and the lowland (M B W) in leaf length and distance to widest point where ANOVA was possible. Alpine populations had higher number of adaxial leaf hairs and lower L:W ratios as well as more mucronate leaf tips than lowland populations.
A number of features were clearly genetic. The variables L:W, L:DWP, leaf tip and number of hairs (Figs 13a-d) were unaffected by different growth environments. For example, the number of hairs in the Kosciuszko population was the same at 10 and 20°C. The population from Major Mitchell Plateau (altitude 900 m) had some characters similar to typical alpine plants (L:W, Fig. 13a; leaf tip, Fig. 13c ) and some similar to typical lowland plants (number of hairs, Fig. 13d ). These characters are not affected by the environmental treatments of the growth experiment, suggesting that the differences between populations are genetically based. Preliminary measurement of leaf hairs of plants collected in the field in Victoria and NSW also supports taxonomic recognition of alpine and lowland forms. Hairs from the abaxial leaf surface are generally longer and thinner than those from the adaxial surface, with the alpine populations having the thinnest hairs. There is also a wide range of hair densities in alpine and lowland groups. Results from the growth experiment indicate that the same population grown under different environmental conditions display very similar hair densities (Fig. 13d) , evidence that this character is genetically based and useful. However, the results for percentage of abaxial hair cover are more variable and may indicate that this character is influenced by environmental conditions, as shown in Fig. 11d where plants grown in 10ºC have a much lower cover of hair than those grown in 20°C.
Breeding system
Pollen to ovule ratios have been used to investigate the breeding system of several Asteraceae species (Short 1981) , particularly inbreeding v. outbreeding. Short (1981) found that this method distinguished between closely related taxa, classing them as either outbreeders (P :O of c. 1500-6000) or inbreeders (P :O of c. 40-350). The bright yellow, freely opening capitula suggests that L. squamatus is an outbreeding species. In the five populations of L. squamatus examined in this study, very little difference was shown among populations, with all falling into the range for outbreeders. There appears to be no difference in breeding system as assessed by this method between alpine and lowland populations, although only a small sample size was investigated.
There was also no obvious sign of polyploidy assessed by the size of anthers (N. Walsh, pers. comm.) , with anthers from all populations being equivalent in size. Chromosome counts are recorded as n = 12 for L. squamatus, the same as for other species of the genus (Watanabe et al. 1999) .
The species has been shown to spread by vegetative growth in alpine areas (Williams 1992) . This was supported also by field observation where L. squamatus was noted to grow in mats in alpine regions, whereas it grew as single plants in the lowland sites visited. McDougall (1982) suggests that seed establishment in alpine areas is rare and that most reproduction is by rhizomes or stolons. Investigation of root-rhizome morphology showed shoots growing from rhizomes and roots from branches in both alpine and lowland types.
Difference in the flowering times of lowland (September-December) and alpine populations (January-March) is probably the greatest barrier to gene exchange and contributes to the isolation of these two types from each other.
Biogeography
Accounts of the palaeoflora in Victoria and NSW suggest that alpine communities reached their greatest extent approximately between 17000 and 13 500 years before present (McKenzie 1997) . Tasmania experienced much higher levels of glacial and periglacial activity than the mainland (Williams and Costin 1994) , a process that would have made areas available for establishment of evolving alpine floras (Smith 1986) .
Several authors suggest the possibility that much of the Australian alpine flora was derived from adaptation of forms growing at lower elevations (Thompson 1981; Wardle 1986; Barlow 1988; Williams and Costin 1994 ). Taxa may have been able to invade because of edaphic tolerance (Thompson 1981) . Scleranthus L. is thought to have radiated into alpine areas from a lowland ancestor (West and Garnock-Jones 1986; Williams and Costin 1994) . Barlow (1988) found that up to 60% of the taxa in the herbfields in Kosciuszko was derived from vegetation at lower elevation (autochthonous) rather than being the result of long-distance dispersal. Given this percentage and the conditions of extensive alpine regions in elevated areas during recent glacial periods, the hypothesis of invasion and then evolution of disjunct isolated populations could explain the apparent convergence of the alpine and Grampians forms of L. squamatus. Similarly, the isolation of Tasmania from the mainland has led to unique patterns of variation. Nonetheless, the identification of a highland or lowland progenitor remains speculative and requires more biogeographic and cladistic knowledge.
Although Tasmania has a larger alpine region (6480 km 2 ) than mainland Australia (5180 km 2 ) (Willliams and Costin 1994), L. squamatus is not noted in many Tasmanian alpine studies (absent : Kirkpatrick 1982; Smith 1986; present: Davies 1996) , while it is recorded in nearly all mainland alpine studies (Beauglehole 1981; Gullan and Norris 1981; van Rees 1981; McDougall 1982; Walsh et al. 1984; van Rees and Walsh 1985; Inouye and Pyke 1988; Williams 1992; Wahren et al. 1994) , except for the Baw Baw Plateau (Strickland and Strickland 1997) . Kirkpatrick (1982) noted that there are no extensive areas where herbaceous daisies are as common in Tasmania as in Kosciuszko National Park, suggesting that soil is protected from erosion in the latter by more persistent snow cover. Due to Tasmania's different history from that of the mainland, as well as current differences, the Tasmanian specimens of L. squamatus may have followed a slightly different evolutionary route.
Conclusion
Two distinct taxa are recognised in L. squamatus, confirming the treatments of Everett (1992) and Flann (1999) . These are a common, widespread lowland taxon and a geographically restricted, but locally common, alpine taxon. The somewhat intermediate population from the Major Mitchell Plateau is included here in the lowland taxon. Examination of type material shows it to be of the lowland form. The alpine taxon is here described as L. squamatus subsp. alpinus. The rank of subspecies was chosen rather than species because of the presence of intermediates, the uncertain status of the Major Mitchell populations and the fact that the lowland and alpine forms are less different from each other than other Leptorhynchos species are from each other.
Taxonomy
Leptorhynchos squamatus (Labill.) Less., Syn. Gen. Compos. 273 (1832) Leaves linear, narrow-lanceolate to narrow-oblanceolate 0.5-6 mm wide. Outer involucral bracts elliptic, dark golden brown at tip. Inner bract margins with simple cilia. Cypsela papillose. Bisexual pappus bristles 6-16 (mostly 8-10), 0.5-1.3 mm wide. Female pappus bristles 0-12 (mean 6), 0.4-1.3 mm wide. Leaf tip acute. Approximate distributions of these new taxa are shown in Fig. 14. 
